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Abstract. A mathematical model is presented to determine the fleet size required to collect waste oil in a

region. The model consists of (1) a demand model, estimat ing the amount of waste oil to be collected and

(2) a collection model, est imating the number of route per year to the communities within the region and

time required to travel to the waste oil producers, to fill and to empty the truck.
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1. INTRODUCTION

1.0. JUSTIFICAnON OF 11iE SUBJECT

The motive to choose this topic o riginates fro m a remark in OVAM I s (Public

Waste Office in Flanders) "waste-plan", stress ing that much more opera tions research had

to be done o n the waste oil problem.

After exa mining the waste oi l proble m a little closer, we decided to study the

collection process. We restricted our study to the Province of Antw erp because a ll required

da ta we re not avai lable in o ther p rovince ' .

1. 1. I NTROD U CTI O:"i INT O T i lE WASTE OIL PROBLEtv1

1.1.1 . D EFI NITI O N OF WASTE OIL

What is mea nt by waste oil in th is paper is oi l (ro m one of the fll ilowing ca legl1ries :

• Mine ra l or syn the tic oi l or greases .
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•

• Emulsions.

•
9.720 ions/vca r

16.957 io ns/year

69.000 tons/ye a r

45.457 to ns/ car
•

• Waste oil from ships:

• Emuls ions :

• Oily lank residua ls or oi ly sludges:

• Mincral or . ynthc tic oil or gre ases:

E TIMAT ' :

1.1.4. WHAT QUfu"lTITIES ARE WE TALKING ABO UT IN FLANDERS

There has been a was te o il circui t between Belgium, The Netherlands and

Germany in which collectors mixed reasonably good waste oil with very poisonous products.

By doing so they avoided that the mix had to be treated as "che mical waste" requiring much

more carefu l des truc tion than was te oi l.

• Waste oil from ships.

The exact definition can be found in the EEC directive 75/439.

1.1.3. D-IE COLLECTION OF WASTE OIL

• Oily tank residuals or oil sludge.

1.1.2. LEGISLATION IN FLANDERS
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Executieve,1981) .

An approved collector for a certain area is obliged to collect oil when the

producer I s amount exceeds 200 litres. In reality however collectors are not always willing to

do th is due to the fac t that prices have decreased in recent years (Breton,1984). Moreover

the legislation is easily avoidable just by asking high prices to the client.

At prese nt many collectors operate in a very unorganized way. Low oil prices and

severe measures against certain collectors have already diminished the number of cowboys,

who ca ll themselves "defenders of nature".

The law forbids to dump waste oil. Industrial waste oil producers should, or get a

licence to work up the waste oil, or have it collected by an approved collector. Private waste

oil producers can carry their waste car oil to garages or container parks (V1aamse
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The estimation for the garage or private oil is 29.940 tons/year in Flanders.

The total reported quantity of waste oil to OVAM is:

6.936 tons/year.
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It is very difficult to estimate the real quantity of waste oil in Flanders, but we have

reason to believe that it is much higher then the reported quantity.

1.1.5. BACKGROUND INFORMATION FOR THE CASE STUDY

At this moment there are 9 collectors in the Province of Antwerp. We only defined

three of them in the study; two in the city of Antwerp and one in Westerlo. The 6 other

collectors are working in the Antwerp harbor and we did not have specific harbor data on

waste oil.

2. MODEL DESCRIPTION

The model constructed mainly exists of two parts: (1) the supply of waste oil per

community, (2) the collection process. From both models we give the assumptions made, a

description of the data involved and a mathematical formul ation of the model.

Using these models the required fleet size can be determined.

In the model descriptions the following notations are used:

I set of waste oil producers

Ig set of garages
-

v·
I

n (j)
I\'

Vgk

set of non-garage waste oil producers

weight of waste oil of community j

weight of waste oil of producer i

number of garages in communi ty j

weight of garage waste oil of communi ty j

weight of non-garage waste oil of communi ty j

average weight per garage in communi ty j

number of cars in communi ty j

weight of garage waste oil from cars of type k
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T se t of type of cars

T= c,t,a,!,s
where C stands for cars

t trucks

a autocars

! farm tractor

S special cars

dk average distance made by a car of type k (in kms)
•

rk l average distance made during two oil renewals of car of type k of make I

(in kms)

0kl average weight of oil produced in an oil renewal of a car of make I

(in tons)

nk l number of cars of type k and make I

Lk set of makes of cars of type k

T .
rJ

B (j)

(j)B,

c

yearly collection time for the whole province (in hours)

yearly collection time for community j (in hours)

number of routes to community j

route time to community j (in hours)

yearly number of visits to community j

average number of visits per tour in community j

truck collection capacity (in tons)

mass of oil per vis it in community j (in tons)

d istance from collecto r k to community j (in km)

velocity of a truck (in kmlhour)

•

T (j)
d

T
"

TI

time needed for an ave rage distance in community j (in hours)

lime 10 collect at a producer (in hours)

lime to empty the truck (in hours)

2. 1. SU PPLY OF WAST E. OIL PER CO MI'vIUN ITY

2.1.1. AS UMPTIO:"1

•

( I) all garages in a com rnunity produce the sa me vo lume o f w aste oi l.
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(2) the volume of garage waste oil per community increases linearly with the

number of cars subscribed in the community,

(3) all cars of all makes of a certain type drive the same distance in a year.

2.1.2. DATA DESCRIPTION
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(1) vj (i E In);

(4) dk ;

(5) 'k/;

(6) 0k/;

(7) I1 k / ;

(2)

(3)

n (j).
g ,

n (j).
w '

data yearly reported by the producers to OVAM

(Public Waste Office in Flanders)

data available from FEGARBEL / VEGA (1986)

data available from N.I.S. (The National Institute of

Statistics) (1986)

data available from FEGARBEL / VEGA ( 1986)

data available from an enquiry made by Byl (1 987)

data available from an enquiry made by Byl (1987)

data available from N.I.S . ( 1986)

2.1.3. MODEL FORMULATION

With I = JnUlb

V (j) = V ( j) + V (j)
n b

= ~ v.8· . + ~ F ,s..L. I I ) L. I I )

i In i E/ g

-

where
if producer/ lives in co mmu niryj ,

e lse

The weight from producer i living in communi ty j is

whe re

v. = ~ I' U ) is· ·
I L I)

J

by assumption 1

lJ)
V ( j) = " ". .)/

s ~ II ( )) g
L "
J

by assumptio n 2
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fixed cost to execute a collection rou te .
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T . = J .
d k j + 2 .( 13(J) - 1). T (J)+ I3(J) .T +1'.

r J - S I , d I " I,.

The time needed for a route to cornmuni ty j, T . is calcu late d by:
J rJ .

The first term of the riuht hand side is the lime needed to travel fro m co llector 10
~

This policy is chosen because with low masses in a co mmuni ty le ad to a too high

B .(j) = v. I C
I I

To determine the number of visits we apply the following visiting policy:

T .=R(j) ·T .
CJ rJ'

B (j) = C I M (j)
I v

• for the set of small producers j of communi ty j :

L v;/15 if LVi > 45,

3 if 10 $ L vi < 45,
B9 ) =

- I 2 if 5 $LV j < 10 ,

1 if O< Lv i<5.

• for a large producer i o f community j:

• separate large from small producers. The th reshold is ta ke n to be 15 tons/year,

the co mmunity and back.
•

The number of visits per tour depends o n the truck collection capacity and the

average mass of oil per visit in community j:

The number of routes R(j) can be found fro m the number of visits to prod ucers in

community j per year and the number of visits pe r tour:

As it is assumed that in one ro ute a truck serves the produce rs of one co mmunity,

the collection time for community j i the time for o ne rou te times the number of rou tes per

year to community j :

,
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•

and a percentage for private disposal , we are able to es timate the qua ntity to be collec ted.

As no estimates are available on the yearly distance run for tracto rs a nd specia l cars, two

renewals are assumed.

The ranges over all makes for distances and oil quantities per renewa l are included

in the Table 2.

Table 2. Total weight of oil to be collected

Type of Number Range of distance Range of quantity Total we ight

vehicles inscribed between two oil released o il o f o il to be

renewals (in krn) per renewal collected

(in litres) (in tons)

cars 556846 5000 - 11250 3 - 5.5 11 24.9

sm. trucks 45858 5000 - 10000 5.5 - 11 569.0
.

autocars 1894 7500 - 20000 20 - 29 65.0

•

big trucks 6303 7000 - 15000 15 - 25 393.8

farm tract. 12746 - - - 24 184.7

spec. cars 5795 - - - 20 70.0

•

TOTAL 629442 2407.4

-

We now present how the calculations are done for an example community, in case

of SCHOTEN. Schoten has 12500 vehicles inscribed, which me ans 1.99% of th e province.

So we estimate the amount of waste oil to be collected 47.8 tons.

In Schoten are 5 garages, each assumed prod ucing 9.86 Io ns. Besides this q uan tity,

34.8 tons are reported to OVAM by 10 non- garage producers. One fa lls in the ca tegory of

big producers (i.e . > 15 tons). The 14 smalle r p roducers total a n amount of 65.5 tons.

According to our policy in th e model (because 65.5 > 45 tons) , this me ans th at an

average of 65.5 / 15 = 4.37 routes/year are made to th is group of producers. The yearly

number of visits to the community follows fro m those of the sma ll producers,

4.37 . 14 = 61.2 a nd o f the big produce r, 17.1 / 15 = 1.1 , tota ling 62.3 visits . With a total
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weight of 82.6 tons to be collected in Schoten, eacb visit collects an average 1.33 tons. In a

route a collector fills its truck with 15 tons, averaging 15 / 1.33 = 11.3 visits per route. 62.3
.

visits per year at a rate of 11.3 visits per route, lead to 5.5 routes per year.

We now calculate tbe average time required for one route to Scboten. As Schotcn

is situated at a distance of 7.8 km from its nearest collector (i.e. in Antwerp) it takes 0.44

bours to drive from Antwerp to a producer in Scboten and back. With a surface of

29.58 square kilometers, a disk with tbe same surface would bave a ray of 3.07 km, The

average distance on a disk from the center is 2/3 th of tbe ray. Further a 30% is added for

the difference between bind bird ' s eye view distance and road distance, leading to an

average distance traveled in 0.076 hours.

The time of di tance traveling witbin Scboten is 2 • 10.3 • 0.076 = 1.57 hours. The

factor 2 represents the travel from the center and back. The factor 10.3 is one visit less than

the filling process takes place, summing up to 2.71 hours. If now the emptying time

(0.83 hours) is added; the total time for one route to Schoten is:

0.44 + 1.57 + 2.71 + 0.83 = 5.55 hours.

The yearly collection time for Schoten is then 5.55 • 5.5 = 30.5 hours.

In this way the collection time for each of the communities of the province of

Antwerp is calculated.

This sums up to 11 42 hours per year. Assuming that an effective working day lasts

for six hours at a rate of 220 work ing days per year, this means that 0.865 trucks are needed .

T hi result is surp rising, knowing that a number of collectors in the province are appointed ,

each having more than one truck.

We believe that out surprise is not the result of the e timation techn ique but of the

lack of correct report ing from the producer's ide.

With this uncertainty in mind , it i a nice exerci e to locate the co llecto r with hi

one truck in a communi ty in such a way that the total yearly collection time is min im ized.

Th is i do ne by an exhaustive simulation: the collector i located in each of the communi ties

and the collection time is recalcu la ted. o rne of the results are presented in Table 3.

•
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Table 3. Results of simulation •

Postcod. Community Yearly Number of trucks

collection time required

·2000 Antwerpen 1236 0.936 minimum

2300 Turnhout 1723 1.305

2400 Mol 1890 1.432

2500 Lier 1363 1.033

2800 Mechelen 1467 1.118

2490 Balen 1962 1.486 maximum

We are convinced that the location of a co llector is a multicrite ria problem. We see

that the minimal yearly collection time is obtained if the collector is located in Antwerp. The

fact that this is situated in a city can be a major drawback o n another criterion based on

environment as public health variables.
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